Background: Human affective responses appear to be regulated by limbic and paralimbic circuits. However, much less is known about the neurochemical systems engaged in this regulation. The µ-opioid neurotransmitter system is distributed in, and thought to regulate the function of, brain regions centrally implicated in affective processing.
Intervention: Sustained neutral and sadness states, randomized and counterbalanced in order, elicited by the cued recall of an autobiographical event associated with that emotion.
Main Outcome Measures:
Changes in µ-opioid receptor availability and negative and positive affect ratings between conditions. Increases or reductions in the in vivo receptor measure reflect deactivation or activation of neurotransmitter release, respectively.
Results:
The sustained sadness condition was associated with a statistically significant deactivation in µ-opioid neurotransmission in the rostral anterior cingulate, ventral pallidum, amygdala, and inferior temporal cortex. This deactivation was reflected by increases in µ-opioid receptor availability in vivo. The deactivation of µ-opioid neurotransmission in the rostral anterior cingulate, ventral pallidum, and amygdala was correlated with the increases in negative affect ratings and the reductions in positive affect ratings during the sustained sadness state.
Conclusions: These data demonstrate dynamic changes in µ-opioid neurotransmission in response to an experimentally induced negative affective state. The direction and localization of these responses confirms the role of the µ-opioid receptor system in the physiological regulation of affective experiences in humans. Psychiatry. 2003; 60:1145 -1153 A DVANCES IN functional neuroimaging have made possible the identification of brain areas mediating the experience of emotions directly in human subjects, which complements data acquired in animal models and in neurological disorders. A distributed network of regions, both cortical (eg, prefrontal cortex, anterior cingulate cortex, insular cortex) and subcortical (eg, amygdala, thalamus, ventral striatum), increase their synaptic activity during the presentation of emotional stimuli or the experience of emotional states. [1] [2] [3] [4] [5] [6] [7] [8] Functional and structural changes in some of these regions have also been implicated in the pathophysiology of mood disorders (eg, major depression). [9] [10] [11] [12] In comparison, relatively little information has been acquired about the neurotransmitter systems involved in the regulation of emotional and mood states in humans. The use of radiotracers labeling specific receptor sites and appropriate kinetic models allows the examination of neurotransmitter release in response to experimental challenges, which typically have been pharmacological in nature. 13 More recently, demonstration of neurotransmitter release was achieved with a physiological stimulus (a sustained pain challenge) and the µ-opioid receptor system. In that work, we showed that the ac-ORIGINAL ARTICLE tivation of µ-opioid neurotransmission in the dorsal anterior cingulate, anterior thalamus, and ventral basal ganglia suppressed the affective quality of the pain stressor.
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14 Subsequent data demonstrated sex differences in these responses and a deactivation of µ-opioid neurotransmission in the nucleus accumbens of women during the pain challenge, which was associated with hyperalgesia. 15 Following up on those findings, the present article focuses on the endogenous opioid system and µ-opioid receptor-mediated neurotransmission as a possible common mechanism modulating affective responses to various stimuli. The µ-opioid receptors are present in high concentrations and thought to regulate the function of a number of brain regions and neurotransmitter systems involved in the processing of emotional information, stress responses, and reward. 16 These regions include, among others, the anterior cingulate, 17, 18 prefrontal cortex, 19 insular cortex, 14 amygdala, 20 and striatopallidal circuitry (eg, nucleus accumbens, ventral pallidum [21] [22] [23] ). Studies in animal models have shown that the activation of µ-opioid receptor-mediated neurotransmission suppresses fear and stress responses to noxious threatening stimuli and mother-infant separation. [24] [25] [26] [27] The µ-opioid receptors may also regulate the consolidation of emotional memory through interactions with noradrenergic terminals in the amygdala. 28 The involvement of µ-opioid and ␦-opioid receptors in anxietylike responses has been examined in mice deficient for either of these receptor types. The data obtained supported a suppressive effect of µ-opioid receptors on emotional reactivity, with the opposite effects being found for the ␦ receptor. 29 These data are consistent with the findings in humans that the regional activation of µ-opioid neurotransmission is centrally implicated in the suppression of the affective qualities of a pain stressor, as well as the negative internal affective states induced by that challenge.
14, 15, 30 The studies presented here further extend this line of research by examining whether the µ-opioid receptor system is also involved in the physiological dynamic regulation of internally generated emotional states in healthy human volunteers. The volunteer sample studied was restricted to one sex to reduce interindividual variability in the data. In this regard, sex differences have been encountered in responses to emotional stimuli, 31 amygdalaregulated emotional memory storage, 32 regional µ-opioid receptor concentrations, [33] [34] [35] and the magnitude and direction of µ-opioid system responses to a pain stressor. 15 Measures of µ-opioid receptor availability in vivo were obtained with positron emission tomography (PET) and [ 11 C]carfentanil, a selective µ-opioid receptor radiotracer. 36 In the experimental conditions used, increases in endogenous opioid release and µ-opioid receptor activation are observed as reductions in µ-opioid receptor availability for the radiotracer in vivo.
14 Reductions in the baseline activity of this neurotransmitter system have the opposite effect (ie, increases in the receptor measure) 15 ( Figure 1) . Two receptor measures were acquired for each subject, during a neutral emotional state and while experiencing a state of sustained sadness induced by the recall of an autobiographical event associated with that emotion. The responses of µ-opioid neurotransmission during the self-induced sustained sadness state were then calculated as the difference in receptor availability in vivo between neutral and sadness conditions as measured with PET. If changes in regional µ-opioid system activation were to be detected, they were expected to be in the direction of activation suppressing and deactivation enhancing the negative affective state of the volunteers.
METHODS

SUBJECTS
Volunteers were 14 healthy, medication-free, right-handed women, mean±SD 36±9 years of age, with an educational level of mean±SD 18±2 years. Subjects had no personal history of medical illness, psychiatric illness, or substance abuse or dependence and no family history of inheritable illnesses or psychiatric illness in first-degree relatives, as ascertained by means of the Structured Clinical Interview for DSM-IV (nonpatient version 39 ). None of the volunteers were taking psychotropic medications or hormonal treatments, including hormonal birth control, for at least 6 months, and all the women reported a history of regular menstrual cycles. Phase of the menstrual cycle was not controlled for in view of previous data demonstrating that µ-opioid receptor binding potential (BP) in vivo is not influenced by the phase of the menstrual cycle. 40 Protocols were approved by the University of Michigan Investigational Review Board and the Subcommittee for Human Use of Radioisotopes (Ann Arbor, Mich). Written informed consent was obtained in all subjects.
PET AND MAGNETIC RESONANCE IMAGING
We acquired PET scans with an ECAT Exact scanner (CTISiemens, Knoxville, Tenn) in 3-dimensional mode with septa retracted and with an intrinsic full width at half maximum resolution of approximately 6 mm in-plane and 5 mm in the z axis. Participants were positioned in the PET scanner gantry, and 2 antecubital intravenous catheters were placed. A light forehead restraint was used to eliminate intrascan movement. ]methyl iodide and a nonmethyl precursor, as previously described 41, 42 ; 10 to 15 mCi (370-555 MBq) was administered in each subject. The total mass of carfentanil injected was mean ± SD 0.028±0.004 µg per kilogram of body weight per scan to ensure that the compound was administered in tracer quantities (ie, subpharmacological doses). Receptor occupancy at peak carfentanil concentrations was calculated at 0.2% to 0.5% for brain regions with low (cerebellum), intermediate (prefrontal cortex), and high (thalamus) µ-opioid receptor concentrations. Fifty percent of the [ 11 C]carfentanil dose was administered as a bolus and the remainder as a continuous infusion by using a computer-controlled pump to more rapidly achieve steady-state tracer levels.
Twenty-two sets of scans were acquired during 100 minutes, with an increasing duration (30 seconds up to 10 minutes). Time points were decay-corrected by using a calculated method and reconstructed by using filtered back-projection with a Hanning 0.5 filter and included both measured attenuation and scatter corrections. The dynamic images were then coregistered by using automated computer routines. 43 Image data were transformed, on a voxel-by-voxel basis, into 3 sets of parametric maps: (1) a tracer transport measure (K 1 ratio) and (2) 2 receptorrelated measures ("neutral" and "sad"). To avoid the need for arterial blood sampling, these measures were calculated with (REPRINTED) 44 and using the occipital cortex (an area devoid of µ-opioid receptors) as the reference region. With the partial bolus-continuous infusion radiotracer administration protocol used, the Logan plot became linear 5 to 7 minutes after the start of radiotracer administration, which allowed the calculation of receptor measures early after tracer administration.
The slope of the Logan plot is equal to the (Bmax/K d )+1 for this receptor site, where Bmax is the receptor concentration and K d is the receptor affinity for the radiotracer; this slope has also been referred to as the distribution volume ratio (DVR). 44 The Bmax/K d (or DVR−1) is the receptor-related measure (BP, or µ-opioid receptor availability in vivo). Because changes in Bmax/K d will cause a change in the slope of the Logan plot, we measured DVR during both the neutral and sad phases of the study. The slope during the early phase was estimated from 10 to 45 minutes after injection, while the slope for the second phase was estimated from 50 to 100 minutes after injection.
Prior to PET, anatomical magnetic resonance images were acquired on a 1.5-T imager (Signa; GE Medical Systems, Milwaukee, Wis). The K 1 and DVR images for each experimental period and spoiled gradient-recalled-echo magnetic resonance images (echo time, 5.5 milliseconds; repetition time, 14 milliseconds; inversion time, 300 milliseconds; flip angle, 20°; number of signals acquired, 1; thickness, 1.5 mm) were coregistered to each other and to the International Consortium for Brain Mapping stereotactic atlas orientation.
45
INDUCTION OF SUSTAINED SADNESS AND NEUTRAL STATES
Neutral and sadness states were initiated at either 5 or 45 minutes after radiotracer administration in a randomized counterbalanced fashion. Volunteers were blinded to the order of the experimental conditions until asked to self-induce neutral or sad emotional states. During the sadness condition, volunteers were instructed to focus on an autobiographical event associated with a profound feeling of sadness that was selected and rehearsed prior to the studies. Ten of them recalled the death of a friend or family member; 3, breakups with boyfriends; and 1, a recent argument and problems with a close friend. They were asked to recreate that sad emotion during imaging and to maintain it for the duration of the period. We did not constrain the selection of episodes to ensure that they were emotionally important for each subject. For the neutral state, subjects were asked to relax and passively pay attention to current sensory experiences but not to actively involve in other processes, because we often find the intrusion of emotional events even during the recall of events seemingly neutral in emotional content. Subjects rated their experience every 10 minutes with the sadness subscale (sad, blue, downhearted, alone, lonely) of the Positive and Negative Affectivity Scale (PANAS 46 ) to ascertain their ability to maintain that emotional state. The complete PANAS of 20 adjectives grouped into 2 main affective states, positive and negative, was In the left graph, at baseline, the concentration of receptors available to bind the radiotracer (radioligand in red) depends on the tonic baseline activity of the neurotransmitter system (endogenous ligand in green). Intermediate binding potential (BP) values are obtained. In the center graph, the activation of neurotransmission in response to a challenge is associated with reductions in the concentration of radioligand bound to the receptors; lower BP measures are obtained. This reduction may reflect various processes, such as competition between endogenous neurotransmitter and radiotracer or fewer available cell surface receptors after they become activated by the endogenous neurotransmitter. 13 A receptor agonist introduced at tracer doses, [ 11 C]carfentanil is also likely to bind preferentially to receptors in high-affinity states (ie, located in the outer synaptic membrane and coupled with intracellular transduction mechanisms). Lower concentrations of these high-affinity receptors would be expected after their activation by the released endogenous opioid peptides. 37, 38 In the right graph, the deactivation of µ-opioid neurotransmission is associated with higher concentrations of receptors available to bind the radioligand, which results in increases in the BP measure. rated by the subjects at baseline, 45 minutes after tracer administration, and after completion of the study, the latter 2 being retrospective ratings of the preceding experimental period.
INDEPENDENCE OF RECEPTOR MEASURES FROM BLOOD FLOW EFFECTS: COMPUTER SIMULATIONS
To ensure that changes in the perceived receptor measure Bmax/K d would not reflect alterations in regional cerebral blood flow (and therefore radiotracer transport across the bloodbrain barrier) at the time of the switch from one affective phase to the other, a series of computer simulation studies were performed. The simulated (noise-added) rate of flow and hence blood-brain barrier transport rate of the radioligand was increased or decreased beginning at the time of the change in phases of the study. Simultaneous changes in Bmax/K d of either the same or the opposite direction were also simulated. The Bmax/K d measures resulting from those simulations were then tested for significant differences that could be ascribed to the change in radiotracer delivery. The results indicated that changes in flow have only minor effects on Bmax/K d estimates. A simulated blood flow change of 5%, in the upper range achieved with cognitive-emotional challenges, caused at most a 0.6% change in the perceived Bmax/K d measure. Regions of higher binding levels exhibited the largest errors. Most regions, including all cortical regions, showed less than a 0.5% bias in Bmax/K d . The small error that was seen in Bmax/K d was in the same direction as the change in blood flow, and there was no detectable interaction between this bias and a concurrent change in Bmax/K d (R.A.K. unpublished data).
IMAGE DATA ANALYSIS
Parametric maps of differences between conditions (sad minus neutral) were generated by anatomically standardizing the spoiled gradient-recalled-echo magnetic resonance images of each subject to the International Consortium for Brain Mapping stereotactic atlas coordinates, with subsequent application of this transformation to the DVR maps. 45 The DVR images were then smoothed with a 3-dimensional Gaussian filter with a full width at half maximum resolution of 6 mm. Differences between conditions were mapped into stereotactic space by using z maps of statistical significance with Statistical Parametric Mapping version 99 (software available at http://www .fil.ion.ucl.ac.uk/spm/spm99.html) and Matlab (software available at http://www.math.utah.edu/lab/ms/matlab/matlab .html) software. 47 Only pixels with specific binding were included in the analyses (pixels with DVR values more than 1.2 times the mean global image value as calculated with Statistical Parametric Mapping version 99). For each subtraction analysis, 1-sample, 2-tailed t values were calculated for each pixel by using the pooled variance across pixels. 48 Significant differences and correlations were detected by using a statistical threshold that controls a type 1 error rate at P=.05 for multiple comparisons, estimated by using the Euler characteristic, the number of pixels in the gray matter, and image smoothness. 48 The z value typically varies from 4.4 to 4.6 in our studies for peak analyses at a final smoothed resolution of approximately 10 mm. The z scores were also deemed significant if they reached statistical thresholds after correction for the size of the cluster being considered.
Both absolute (Bmax/K d ) and normalized data were tested for statistical significance. The latter comparisons were performed to reduce global interexperimental variability within subjects that would obscure the presumably small changes in BP elicited by the emotional challenge. Normalized data were scaled to a global DVR of 1. 
RESULTS
During task performance, PANAS sadness subscale ratings increased from a mean±SD 0.60±1.11 during the neutral condition to 7.9±3.9 during the sad state (paired 2-tailed t test, t 13 =7.31; P Ͻ .001). The time-course and maintenance of the sadness state is illustrated in Figure 2 . More prominent ratings of sadness were achieved during studies in which the emotional challenge was introduced first, which is perhaps a reflection of experimental novelty or more pronounced fatigue during sadness challenges performed later during imaging. The total PANAS negative affect scores rated at completion of each experimental period also increased during sadness (neutral 1.6±2.4, sad 7.8±4.5, t 13 =5.49; P Ͻ .001), while positive affect scores decreased somewhat (neutral 14.6 ± 7.3, sad 10.9 ± 6.4, t 13 =2.07; P Ͻ .06). Mean changes in PANAS negative and positive ratings and their coefficients of variation, within subjects, are presented in the inset of Figure 3 .
Significant changes in µ-opioid receptor BP were detected between sad and neutral states. Increases in BP were uniformly observed during the sustained sadness condition, as compared with findings in the neutral state. Because the BP measure represents the availability of receptors for the radiotracer in vivo, this effect is consistent with a deactivation of µ-opioid neurotransmission (Figure 1 ). In the comparisons in which we used absolute data, statistically significant µ-opioid system deactivation was observed in the rostral anterior cingulate (Brodmann area 24/32) coordinates −3, 32, and 2 mm (x, y, and z, respectively), with z=5.47 and P Ͻ .001 after correction for multiple comparisons. The order of conditions (sad, neutral) was randomized and counterbalanced between subjects. Sadness subscale scores tended to be higher for studies in which the sadness condition was performed first, which may reflect additional effects of experimental novelty or subject fatigue as the study progressed.
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Below the statistically significant threshold after correction for multiple comparisons, high z scores were also obtained in the left inferior temporal cortex coordinates 25, 7, and −38 mm (x, y, and z, respectively), with z=4.36; in the left amygdala, 16, −4, and −21, with z =4.19; in the right amygdala, −20, 0, and −21, with z = 3.85; in the left ventral pallidum, 14, 1, and −2, with z = 4.02; and in the right ventral pallidum, −15, 2, and 3, with z=3.93. All these regions reached statistically significant differences between conditions once the data were normalized to whole brain values, which reduces interexperimental variability due to technical factors (Table 1, Figure 3 ). The only exceptions were the left ventral pallidum and the right amygdala, with z scores of 4.39 and 4.30, respectively, that did not reach multiple comparisonadjusted thresholds of significance by a small margin.
Possible relationships between µ-opioid system deactivation and PANAS affect ratings were then explored with linear regression analyses performed on a voxel-by-voxel basis (Table 2, Figure 4) . The magnitude of µ-opioid system deactivation during sadness correlated with the increase in PANAS negative affect ratings in the rostral anterior cingulate and right ventral pallidum. The µ-opioid system deactivationalsocorrelatedwiththereductionsinPANASpositive affect scores in the ventral pallidum bilaterally and in the left amygdala. Two additional regions in which significant correlations were obtained but for which significant changes in receptor availability were not initially detected included the left insular cortex and left hypothalamus (Table 2, Figure 4) . In all subjects, the effect encountered during the sustained sadness challenge, namely, regional reductions in the state of activation of the µ-opioid system, were associated with more prominent negative and lower positive affective ratings by the volunteers.
COMMENT
The present study is the first demonstration of dynamic changes in the function of a neurotransmitter system, in this case the endogenous opioid and µ-opioid receptors, during the experience of an internally generated negative affective state in human subjects. The self-induction of a sustained sadness state was associated with significant reductions in µ-opioid receptor-mediated neurotransmission in the rostral anterior cingulate, ventral pallidum, amygdala, and inferior temporal cortex, as compared with findings in a neutral affect condition. Furthermore, these regional reductions in µ-opioid neurotransmission were significantly correlated with enhancements in negative affect and reductions in positive affect as rated by the volunteers.
The data obtained support the hypothesis that the µ-opioid receptor system is involved in the physiological regulation of affective states. The brain areas where these effects were observed form part of the neural circuits previously implicated in the representation and integration of emotional information. The experience of transient sadness has been shown to increase the synaptic activity of limbic and paralimbic regions, including the rostral anterior cingulate, insular cortex, and ventral basal ganglia, as measured by changes in regional cerebral blood flow. 1, 7, 49, 50 The induction of a more sustained sad mood in a manner identical to that performed in this study has been associated with the opposite effect: reductions in the metabolic rate of glucose in the rostral anterior cingulate, basal ganglia, and insular cortex. 51, 52 Brief presentations of stimuli with an affective valence, most frequently negative (eg, emotional faces, aversive pictures), also increase the synaptic activity of the anterior cingulate cortex, insular cortex, ventral pallidum, and amygdala. 3, 4, 53 In this study, we found robust reductions in µ-opioid neurotransmission in the rostral anterior cingulate in response to the self-induced sadness state, which correlated with the increase in negative affect ratings by the volunteers. This brain region is thought to be a principal locus of representation and modulation of emotional and social behavior. 17 In its more dorsal subdivisions, the anterior cingulate cortex has also been implicated in the representation of pain affect, 54 ,55 a func- †Cluster size is expressed in 1-mm 3 voxels. ‡Location of the peak in stereotactic coordinates. §Standardized z scores with the direction of the correlation (negative or positive). P values after correction for multiple comparisons. ¶Change in negative affect ratings was a mean ± SD 6.2 ± 4.0 and in positive affect ratings was −3.7 ± 6.4. #Significant according to peak analysis after correction for multiple comparisons. **Significant according to cluster-level analysis after correction for multiple comparisons. tion that is also regulated by µ-opioid receptors.
14 Of relevance to the pathophysiology of mood disorders, reductions in the metabolic function of the rostral anterior cingulate have been associated with poorer responses to antidepressant medication in patients with a diagnosis of major depression, an illness associated with blunted hedonic and affective responsivity. 56, 57 Additional regions in which reductions in µ-opioid neurotransmission were observed during sustained sadness included the ventral pallidum, amygdala, and inferior temporal cortex. The ventral pallidum has been implicated in the assessment and responses to salient stimuli by integrating emotional, sensory, and cognitive information with motor responses. 4, 53, 58 This integrative role takes place through µ-opioid receptor-regulated afferent and efferent connections with the nucleus accumbens, amygdala, mediodorsal nucleus of the thalamus, prefrontal cortex, and ventral tegmental area. 21, 23, [59] [60] [61] In the present data, reductions in ventral pallidal µ-opioid neurotransmission were associated with higher negative and lower positive affect ratings by the volunteers. The direction of these relationships is consistent with that observed in the context of µ-opioid system activation during a sustained painful challenge, whereby enhancements in ventral pallidal µ-opioid neurotransmission correlated with the suppression of the negative affective state elicited by that stressor. 15 The amygdala is centrally implicated in the evaluation and regulation of emotional information and responses. Both the central and basolateral nuclei of the amygdala present some of the highest concentrations of µ-opioid receptors in the mammalian brain. 16 At the level of the basolateral amygdala, µ-opioid receptor activation has been shown to reduce norepinephrine release, an effect thought to reduce emotional responses and the consolidation of emotional memory induced by arousing stimuli. 20, 28 The opposite response (ie, a deactivation of µ-opioid neurotransmission) was observed in response to the selfinduced sadness challenge, which suggests that the reduction in opioid input at this level may have a permissive role in the experience of negative affective states. The rela- tively prolonged duration of the challenge may have been of relevance to this finding, because synaptic activation in this area is most frequently observed during the passive presentation of brief emotional stimuli, as opposed to transient sadness induction. 62 Regarding the reduction in baseline µ-opioid neurotransmitter activity observed in the left inferior temporal cortex, recent data have shown a direct inverse relationship between baseline µ-opioid receptor BP in this region and the cerebral blood flow responses and ratings of aversive visual stimuli. 63 These data suggested that µ-opioid receptor BP in regions involved in emotional regulation may be involved in determining their subsequent response in challenge conditions. Again, these findings appear to be in agreement with the contention that µ-opioid neurotransmission in certain limbic and paralimbic brain regions is centrally involved in the regulation of affective responses.
The µ-opioid neurotransmission in the insular cortex was not initially found to be affected by the sustained sadness induction; however, significant correlations with negative affective ratings were obtained in this region. This discrepancy may be because of small magnitudes of change in the binding measure and the small size of the region involved, not allowing for the detection of significant differences in the subtraction analyses, but which became apparent in the correlations. As noted earlier, this area is consistently found to be activated in response to affective stimuli and thought to reflect more visceral, or interoceptive, aspects of emotional experiences. 50, 64 A similar situation was encountered in the hypothalamus. Both of these regions are part of the circuits involved in responses to emotionally salient stimuli and responses to stressors. 4, 7, 14, 16, 50, 65 The observations presented in this article are consistent with extensive data demonstrating that activation of the µ-opioid neurotransmitter system is associated with the dampening of emotional reactivity and responses to affectively salient and stressful stimuli.
14, 15, 20, 24, 26, [66] [67] [68] [69] [70] Shown here is the opposite response, regional deactivations associated with a permissive effect on the experience of a negative emotional state. These results also imply the presence of significant baseline endogenous opioid peptide release during neutral experimental conditions. Authors of studies in animal models [71] [72] [73] and more recently in humans 15 demonstrated the presence of tonic endogenous opioid and µ-opioid receptor activity in various regions which, of relevance to the present article, included the ventral basal ganglia and the amygdala.
These findings are relevant for the understanding of the neurochemical mechanisms underlying the physiology of emotional processing and justify the examination of µ-opioid receptor-mediated neurotransmission in the patholophysiology of mood and anxiety disorders, both of which are precipitated by stressors. 74 In this regard, transgenic animal models devoid of µ-opioid receptors demonstrated exaggerated anxietylike behavior, as compared with findings in their wild-type counterparts. 29 More recently, a genetic polymorphism affecting the function of the catechol O-methyltransferase enzyme has been associated both with trait anxiety in women 75 and with dysregulation of µ-opioid neurotransmission and enhanced affective responses to a pain stressor. 30 Substantial increases in µ-opioid receptor binding without changes in receptor affinity have also been described in the prefrontal cortex, temporal cortex, and basal ganglia in postmortem studies in those who commit suicide. 33, 34 The results of this study demonstrate the feasibility of examining the function of neurochemical systems involved in the modulation of emotional states directly in human subjects and allowing translation of basic animal neurochemical findings into human experimental models. They also further illustrate the complexity of neurotransmitter systems and circuits involved in the regulation of mood and affective states. Examination of these processes will result in a greater understanding of the neurobiology of affect and mood regulation in a number of physiologic and pathologic conditions. Submitted for publication July 24, 2002 
